We re-investigate the image charge model of Corni [J. Comput. Chem. 2008, 29, 1656]. We find that a simple symmetrization of their model is required in order to obtain qualitatively correct results for the electrostatic interaction of a water molecule with a metallic surface. This symmetrization reduces the magnitude of the electrostatic interaction to less than 10% of the total interaction energy.
. We find that their model is qualitatively wrong for the electrostatic interaction of a water molecule with a metallic surface. Our results suggest that a simple symmetrization of their model might considerably improve the physical soundness, which also reduces the magnitude of the electrostatic interaction that is predicted by the model.
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The rod model proposed by Iori and Corni 1 looks like an appealingly simple way to include the image charge effect in classical molecular mechanics simulations of molecules interacting with metallic surfaces. Unfortunately, we have found unphysical results when investigating the electrostatic interaction energy as a function of rotational angles of a water molecule over a Pt(111) surface. Therefore, we herein propose a symmetrization of the original model, which restores the qualitatively correct behavior.
From macroscopic physics (Gauss's law) it is well known that any charge distribution placed at a distance d from a conducting plane induces an electric field outside the metallic plane that is identical to the one obtained from placing the mirror image of the charge distribution at −d behind the plane. 2 The resulting electrostatic interaction between the real charge distribution and the conducting plane is often called "image charge interaction".
While these interactions are "automatically" included when treating systems at the quantum mechanical level (for instance by periodic density functional theory, DFT 3 ), they need to be accounted for explicitly in the context of classical force fields which treat the electrostatics through point charges. The straight forward application of the macroscopic solution (i.e., placing the image charges and computing the corresponding energies and derivatives) is perceived as an impractical solution, 4 since it cannot account for the atomic details of rough surfaces and is incapable of describing metallic nano-particles.
The approximate treatment of the image charge at the atomic level was first discussed by Lennard-Jones 5 and later works have tried to apply standard techniques for polarizable force fields to the case of metallic surfaces. 4 However, none of these approaches has been fully convincing. Iori and Corni have proposed to model the image charge through an atom based polarizability described by a "rod", i.e., a charge and its counter-charge are located at a distance r from each other with one of the charge centers coinciding with the metallic nucleus. 1 In this model there are three parameters to choose: m, the mass of the fictitious rod particle R, q its charge and r, the distance between the two charges, with typical values of 2 amu, 0.3 e and 0.7Å, respectively. For platinum, this leads to rod residues of type Pt q -R −q . The electrostatic interaction is then obtained as a thermodynamic average, i.e., as the ensemble average of a thermally equilibrated system by running a molecular dynamics (MD) simulation. This model can be trivially applied in any classical MD code and comes with a 3 very low computational overhead compared to more sophisticated solutions such as the one proposed by Siepmann and Sprik. 6 Indeed, the model of Iori and Corni enjoys quite some success and is used in diverse applications in particular within the GolP force field, 7 which is used to simulate water/gold interfaces, peptides interacting with gold surfaces, 8 ionic-liquids in contact with ruthenium nano-particles 9 or even lubricants with iron surfaces.
1
Continuing our effort to describe the solvation energy at the metal/water interface, 11 we intended to use this model for a force field describing the water/Pt interface. As a first step,
we have investigated the interaction energy of a water molecule with the metallic surface as a function of rotational angles (see SI for computational details). In all calculations, the oxygen atom of the water molecule is kept at a fixed position. Two typical cases are shown in configuration for the MD simulations was found to have no influence on the final result and that increasing the temperature (of the rod particles) to 600 K did not change the results qualitatively either (see also SI).
Water is modelled by a negative partial charge on the oxygen and two positive partial charges on the hydrogens. 14 According to our simulations, the water molecule is much more strongly interacting with the rod particle R than with the immobile nucleus. This asymmetry is also seen in the radial distribution function for the two charges within an atomic plane (see respectively, which is in agreement with positive charges being repelled and negative ones too strongly attracted. Hence, one could have predicted that the interaction energy with a dipole, which can be thought to be made of a positive and a negative charge, will depend on its "nominal" orientation, i.e., whether the positive or the negative end points towards the surface. 2 The reply of S. Corni to our comment has allowed us to identify a technical limitation in AMBER that is at the origin of the positive interaction energies. We are working on a correction of AMBER that will be included with future releases. The results for the symmetric rod model are not affected by this issue.
Why is the preferred model (Pt − -R + ) of Iori and Corni rather successful despite its shortcomings? One possibility is that during an MD simulation the attractive and repulsive interactions with thermally sampled water orientations lead to a reasonable overall interaction, given that the dynamics of the rods is likely to be on a similar timescale as the one of water molecules. Another plausible reason is that this particular choice stabilizes the configurations where the oxygen atom is closer to the surface than the hydrogen atoms. Since water prefers to interact through the oxygen atom with metallic surfaces, this electrostatic bias is of little influence in the overall attractive region of the profile (see Figure 1 , top) and the erroneous electrostatic repulsion occurs in the part which is repulsive according to DFT due to Pauli exclusion. Nevertheless, the repulsive interaction in Figure 1 bottom, for this model (blue curves) even for angles with overall attractive interactions according to DFT (ϕ < 30) still illustrates the danger of an unphysical model. Furthermore, this bias would be problematic when simulating other polar groups such as in biomolecules and ionic liquids.
8,9
To fix this "asymmetry" issue, we have devised a symmetric model, where the nucleus has no charge, but has two particles attached to it, which form a line and are of opposite charge (R − -Pt-R + ). To keep a sound description with an identical dipole moment, we have increased the length and decreased the charge of the particles accordingly, as described in the supporting information. Indeed, this linear, symmetric, rod model produces the expected results, with electrostatic interaction energies always being attractive. Interestingly, however, this interaction energy tends to be quite small. Note, that this is in agreement with the macroscopic results with the image plane located at the nucleus of the outermost Pt layer often assumed in the context of water/metal force fields, 6,12 while for pure point charges the image plane is found to be close to the geometrical surface, 4 which induces stronger electrostatic interactions.
In summary, we have identified an important shortcoming in the rod model of Iori and Corni and propose a simple alternative that leads to a significant improvement. We find that the overall electrostatic energy between a water molecule and a conducting plane is rather small, implying that other terms, in particular chemisorption, are dominant, which is in agreement with previous works. 
